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TURBOGENERATOR/MOTOR modes of operation. To sun the turbine, the inverter con- 

CONTROLLER necLs to and supplies fixed current, variable voltage, variable 

TECHNICAL HELD frequency, AC power to the permanent magnet 

. turbogenerator/motor, driving the permanent magnet 

This invention relates to the general field of power 5 turbogenerator/motor as a motor to accelerate the gas lur- 

converting systems and more particularly to an improved bine. During this acceleration, spark and fuel are introduced 

controller for a turbogenerator/motor. in the correct sequence, and self-sustaining gas turbine 

BACKGROUND OF THE INVENTION operating conditions are reached. 

Electric utilities are now grappling witb the challenge of 10 At this point ' the invcrter is disconnected from the per- 
deregulation and competition at a time of relatively slow ^anent magnet generator/motor, reconfigured to a con- 
growth in electricity demands. While plans for huge power » rolled u 60 hertz mode, and then either supplies regulated 60 
plants are being shelved because of high costs and environ- hcft * lh ™ phase volta S c 10 a stand a!ooc load or P hasc 1( *ks 
mental concerns, new customers must still be supplied with t0 , Utlhty ' or L to olher c 001 " 5 ^ "> operate as a 
electrical power. Existing plants and transmission lines are .< supplement to the utility. In this mode of operation, the 
simnlv hecnmina nv^rwhelm^H in son- .m..^u„ power for the inverter is derived from the permanent magnet 
power plants are'fast becoming economic dinosaurs. generator/motor via high frequency rectifier bridges. The 
OnealternatiVe^ ^ - «"* 
turbogenerator* , a small gas turbine engine combined on a s 
common shaft with an electric generator. When a permanent - 0 Since lhc volla S e derived from the permanent magnet 
magnet generator/motor is utilized, the combination is " g cnerator / m otor ts a function of rotational speed and the 
referred to as a permanent magnet turbogenerator/motor. load * mvcrtcr lQ put voltage requirements limit the opera- 
Intake air is drawn through the permanent magnet Uonal speed of the S M mrbine ^ approximately 72,000 
rurbogenerator/motor by the gas turbine compressor which ^ !°, a t0 P spc ? d of ^^ 'pm. The inverter is direct 
increases the pressure of the air and forces it into arecu- 25 T£ C d '° ' *«for fce inverter voltage rating is 
perator which receives exhaust gases from the gas turbine. eslabUshed b V th f c utility for grid connect operation, and has 
The recuperator preheats the air before it enters the gas 3 nan0W rangC for stand aione ope^n. 
mrbine combustor where the preheated air is mixed with fuel BRIEF DESCRIPTION OF THE DRAWINGS 
and burned. The combustion gases are then expanded in the 

rurbine which drives the compressor and the permanent 30 Having thus described the present invention in general 

magnet rotor of the permanent magnet turbogenerator/motor terms, reference will now be made to the accompanying 

is mounted on the same shaft as the gas turbine and drawings in which: 

compressor. The expanded turbine exhaust gases are then FIG. 1 is a perspective view, partially cut away, of a 

passed through the recuperator before being discharged from permanent magnet turbogenerator/motor utilizing the con- 

the turbogenerator/motor. 35 iroller of the present invention; 

A permanent magnet turbogenerator/motor generally FIG. 2 is a functional block diagram of the interface 

includes a rotor assembly having a plurality of equally between the permanent magnet turbogenerator/motor of 

spaced magnet poles of alternating polarity around the outer FIG. 1 and the controller of the present invention; 

periphery of the rotor or in more recent times, a solid FIG. 3 is a functional block diagram of the permanent 

s« re of»^ 40 turbogenerator/motor controller of thT present 

rotor is rotatable within a stator which generally mcludes a invention* and 

plurality of windings and magnetic poles of alternating ' . . _,. , , . 

polarity. In a generator mode, rotation of the rotor causes the FIG 4 15 a circUil dia 8 ram of lhe PWM iQvertcr of lnc 

permanent magnets to pass by the stator poles and coils and P ermanent ma g Q et turbogenerator/motor controller of the 

thereby induces an electric current to flow in each of the 45 P rescQt mention. 

coils. Alternately, if an electric current is passed through the DETAILED DESCRIPTION OF THE 

stator coils, the energized coils will cause the rotor to rotate PREFERRED EMBODIMENTS 
and thus the generator will perform as a motor. 

A permanent magnet rurbogenerator/motor can be utilized A P ermaocnl ffl agnet turbogenerator/motor 10 is illus- 

to provide electrical power for a wide range of utility, 50 lralcd m FIG - 1 » aD example of a turbogenerator/motor 

commercial and industrial applications. While an individual utilain * lhe comroUer of lhe P re! * m invention. The perma- 

permanent magnet turbogenerator may only generate 24 to ncQt ma S nct turbogenerator/motor 10 generally comprises a 

50 kilowatts, powerplants of up to 500 kilowatts or greater P*™«>eiit magnet generator 12, a power head 13, a com- 

arc possible by linking numerous permanent magnet buslor 14 and a ««P««« (or heal exchanger) 15. 

turbogenerator/motors together. Standby power, peak load 55 The permanent magnet generator 12 includes a permanent 

shaving power and remote location power are just several of magnet rotor or sleeve 16, having a permanent magnet 

the potential utility applications which these lightweight, disposed therein, rotatably supported within a stator 18 by a 

low noise, low cost, environmentally friendly, and thermally P air of s P accd journal bearings. Radial stator cooling fins 23 

efficient units can be useful for. are enclosed in an outer cylindrical sleeve 27 to form an 

In order to meet the stringent utility requirements, par- « aQDular air flow P 3 **^ which cools the stator IS and 

ticuiarly when the permanent magnet turbogenerator/motor thcreb y P rcbcals tnc ™ P^S tnr ° u gn °° wa Y «> l °e 

is to operate as a supplement to utility power, precise control P ower nead 

of the permanent magnet turbogenerator/motor is required. The power head 13 of the permanent magnet 

01 rn** a nw ^r- lvrt)P ., .. turbogenerator/motor 10 includes compressor 30, turbine 

SUMMARY OF fHE INVENTION 6J 31 £ beafjng rotof36 whieh tje fod 2 , passes 

The turbogenerator/motor controller of the present inveo- The compressor 30, having compressor impeller or wheel 32 

tion is a microprocessor based inverter having multiple which receives preheated air from the annular air flow 
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passage in cylindrical sleeve 27 around the stator 18, is illustrated as integrated gate bipolar transistor (IGBT) aate 

dnvcn by the turbine 31 having turbine wheel 33 which drives 58, but may be anv high speed solid state switch™ 

receives heated exhaust gases from the corabustor 14 sup- device. The control logic 57 receives a temperature signal 64 

plied with air from recuperator 15. The compressor wheel 32 and a current signal 65 while the IGBT gate drives 58 
and turbine wheel 33 are rotatably supported by bearing 5 receive a voltage signal 66. The control logic 57 sends 

shaft or rotor 36 having radially extending bearing rotor control signals to the fuel cu to ff solenoid 62, the fuel control 

thrust disk 37. The bearing rotor 36 is rotatably supported by valve 44, the ignitor 60 and release valve 61 AC power 41 

a single journal bearing within the center bearing housing is provided to both the start power contactor 46 and in some 

while the bcanng rotor thrust disk 37 at the compressor end instances directly to the control power supply 56 in the 
of the bearing rotor 36 is rotatably supported by a bilateral 10 control logic section of the generator controller 40 as shown 

thrust bearing. The bearing rotor thrust disk 37 is adjacent to in dashed lines 

the thrust face at the compressor end of the center bearing Utilily slart 41 (fof { m 

housing while a bearing thrust plate is disposed on the 0 ha« fin h#ft»\ i« /«nn^..H ^ ?k. . - vouage, i 

opposite side of the bearing rotor thrust disk 37 relative to fh^oh fi,^?' f T ^ " P ° WCr C ° QlaCl ° r 46 

the center housing thrust face. 15 S ^T*' ^ T T CMUCt0r 46 ™ y 

_ , . . * 15 consist of a first normally open relay and a second normally 

Intake air is drawn through the permanent magnet ge_n- closed relav. both of which ar* M^n*™™* a , «»,.,. 

erator 12 by the compressor 30 which increases the pressure Alternately, both relays may be normally open "and the 

of the air and forces it into the recuperator IS. In the control power supply 56 receives input directly from utility 

recuperator 15, exhaust heat from the turbine 31 is used to power input 41. Flameproof power resistors can parallel the 

preheat the air before it enters the corabustor 14 where the 20 relays to provide a reduced current (approximately 10 amps 

preheated air is mixed with fuel and burned. The combustion maximum) to slowly charge the internal bus capacitors 48 

gases are then expanded in the turbine 31 which drives the through the rectifier 47 to avoid drawing excessive inrush 

compressor 30 and the permanent magnet rotor 16 of the current from the utility 

A functional block diagram of the interface between the has completed self tests, coil power is provided to first 

generator controller 40 and the permanent magnet normally open relay of the start power contactor 46 to fully 

turbogenerator/motor 10 for stand alone operation is illus- 30 charge the bus capacitors 48 to full peak line voltage The 

traied in FIG. 2. The generator controller 40 receives power bus capacitors 48 can be supplemented for high frequency 

41 from a source such as a utility to operate the permanent filtering by additional film type (dry) capacitors 

magnet generator 12 as a motor to start the turbine 31 of the The PWM inverter 49 is illustrated in more detail in FIG 

%Zr,t\ J?""" 8 , W SeqUe " Ce ' Ut,1 " y I*"? 6 ' 35 4 - ™ s inverter 49 illusl » tes fo <" IGBT channels 70. 71. 72. 
41 is rectified and a controlled frequency ramp a supplied to 35 and 73 each across the voltage bus V ta , but as stated 

the permanent magnet generator 12 which accelerates the previously, these channels maybe any number or type of 

permanent magnet rotor 16 and the compressor wheel 32. ^jd state switching devices. Each IGBT channel 70, 71. 72. 

bearing rotor 36 and turbine wheel 33. This acceleration and 73 includes an upper IGTB 74 and an ami parallel diode 

provides an air cush,on for the air ^beanngs and aMow for 76 and , lower IGBT 7 8 and an idemical anll * m ^ 

the combustion process. At about 12,000 rpm t spark and fuel 40 75. 

are provided and the generator controller 40 assists accel- dusw - a* 1 • . 

eration of the turbogenerator 10 up to about 40.000 rpm to J"" PW ^ T t w lnc i!f des 8 ca P acUor chanoel 

complete the start sequence. The fuel control S£mV*£ .T" ^ ^ t™* * 

regulated by the generator controller 4t. mcludes upper capacUor 79 and lower capac.tor 80 with the 

• « ... , 45 midpoint between upper capacitor 79 and lower capacitor 80 

Once sell sustained operation is achieved, the generator connected to the midpoint of IGBT channel 70 through 

r ^^^8 ured 10 P ro <i uc e 60 bertz, three phase inductor 81. The neutral connection N or 68 is at the 

( ?L« .ol m thC rCCtlficd higb frc< l ucnc y AC midpoint of IGBT channel 70 while the midpoints of IGBT 

output (280-380 volts) of the high speed permanent magnet channels 71. 72, and 73 provide output connections A, B, 

turbogenerator 10. The permanent magnet turbogenerator 10 5Q and C, respectively of output 42. The neutral connection N 

is commanded to a power set-point with speed varying as a or 68 may not be required for all applications. 

^ 0 uf^?otLT^ I,"' ?T Ioacklition,thePWMmverter49includesarectifierblock 

terminals are then the single gnd connection. rcclificr block channc| ^ includcs a ^ pnasc ^ ctifier 

The functional blocks internal to the generator controller 55 block 86 having three (3) diode channels 82, 83, and 84 each 

40 are illustrated in FIG. 3. The generator controller 40 including a pair of diodes 83. The midpoints of each pair of 

includes in series the start power contactor 46, rectifier 47, diodes 83 are connected to generator windings G,,, Go, and 

DC bus capacitors 48, pulse width modulated (PWM) G 0 respectively. 

inverter 49, AC output filter 31, output contactor 32, gen- The control logic 57 aeqiientially driv es the IGBT 

erator contactor S3 and permanent magnet generator 12. tt swilchcs of thc PWM mvcrlcr 49 via lhc IGBT tc dfivcs 

l ne_ generator rectmer 34 is connected from between the 5 8. Six of the IGBT switches, those in channels 71, 72 and 

I™, ! « !r Capacitt)IS 48 10 between ll l e Senerator 73 are operated at a high frequency and modulated in classic 

contactor 33 and permanent magnet generator 12. The AC PW M manner to provide sinusoidal output via the AC output 

power output 42 i is taken torn the output contactor 32 while filter 31 . The other 2 IGBTswitches of the PWM inverter 49. 

the neutral is taken from the AC filter 31. „ ^ in channe , 70( m swjtched „ , 50% du|y cyde tQ 

The control logic section consists of control power supply create an artificial neutral 68 and balancing the voltage on 
36. control logic 37, and solid state switched gate drives the pair of capacitors 79 and 80. The current in the neutral 
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68 will consisi of a relatively small, high frequency, (dangle 
pulse, plus whatever 60 hertz component exists as a result of 
unbalanced load currents in the 60 hertz generator mode. 

The PWM inverter 49 operates in two basic modes: a 
variable voltage (0-190 V line to line), variable frequency 
(0-700 hertz) constant volts per hertz, three phase mode to 
drive the permanent magnet generator/motor 12 for start up 
or cooldown when the generator contactor 52 is closed; or a 
constant voltage (120 V line to neutral per phase), constant 
frequency three phase 60 hertz mode. The control logic 57 
and IGBTgate drives 58 receive feedback via current signal 
65 and voltage signal 66, respectively, as the turbine gen- 
erator is ramped up in speed to complete the start sequence. 
The PWM inverter 49 is then reconfigured to provide 60 
hertz power, either as a current source for grid connect, or as 
a voltage source. 

The AC filter 51 consists of three iron core inductors and 
three capacitors to remove the high frequency switching 
component. The nominal current for each AC filter inductor 
will be fundamental load current at 60 hertz, plus a small 
high frequency component. The output of the AC filter 51 is 
connected to the load via the output contactor 52 when the 
PWM inverter 49 is in 60 hertz output mode. The output 
contactor 52 is energized from the output of the PWM 
inverter 49 via a relay. 

The generator contactor 53 connects the permanent mag- 
net generator 12 to the inverter 49 during the start sequence. 
Initial starting current approximates nominal operating cur- 
rent for about 2 seconds then reduces to a lower value for the 
balance of the acceleration period. After the start sequence 
is completed, the generator 12 produces enough output 
voltage at the output terminals of the generator rectifier 54 
to provide three phase regulated output from the inverter 49, 
so both the start contactor 46 and generator contractor 53 are 
opened and the system is then self sustaining. 

The IGBTgate drives 58 have five sections, four identical 
gate drive circuits with one for each of the four dual IGBT's 
and another section consisting of precision resistive (fixed 
impedance) voltage dividers with integrated circuit ampli- 
fiers. Each gate drive section consists of two transformer 
isolated power supplies driven from a logic level high 
frequency (-50 kilohertz) driver circuit, two integrated solid 
state driver circuits and additional optical isolators. One 
circuit operates referenced to the center point of the two 
IGBT transistors and the other operates referenced to the 
negative bus potential. There axe two axial lead high voltage 
diodes which provide "on-state'* sensing, and signal control 
circuits in the event that the associated semiconductor 
switching device reflects an t4 on-state" voltage greater than 
about 10 volts. 

The precision resistive divider circuits consist of two 
metal film type fixed resistors connected in series. A low 
resistive element provides the low voltage pick-off point, as 
an example, the inverter output sensor is typically a -40 to 
1 divider for the 120 V RMS, inverter output voltage, 
providing a low voltage reference signal at the junction of 
the precision resistive divider circuits. This signal is buffered 
by a solid state operational amplifier. In the event one of the 
high voltage resistors were to fail shorted, the other is 
capable of standing off the voltage and preventing compo- 
nent damage and/or hazardous conditions from occurring at 
other locations within the control logic 57. 

The control power supply 36 is really a two stage power 
converter. The first stage, consisting of semiconductors and 
related components, is a 400 VDC to 24 VDC isolated 
converter. The isolation is a function of the transformer and 
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optically isolated components which link the high voltage 
side components with the 24 VDC regulated side. The 
second stage, also consisting of semiconductors and related 
components, is a 24 VDC to *12 VDC, 12 VDC, and 5 VDC 
5 isolated converter. As with the first stage, the isolation is a 
function of the transformer and optically coupled sensors. 

During startup of the permanent magnet turbogenerator/ 
motor 10, both the start power contactor 46 and the genera- 
tor contactor 53 are closed and the output contactor 52 is 
10 open. Once self sustained operation is achieved, the start 
power contactor 46 and the generator contactor 53 are 
opened and the PWM inverter 49 is reconfigured to a 
controlled 60 hertz mode. After the reconfiguration of the 
PWM inverter 49, the output contactor 52 is closed to 
15 connect the AC output 42. The start power contactor 46 and 
generator contactor 53 will remain open. 

The PWM inverter 49 is truly a dual function inverter 
which is used both to start the permanent magnet 
^ turbogenerator/motor 10 and is also used to convert the 
permanent magnet turbogenerator/motor output to utility 
power, either sixty hertz, three phase for stand alone 
applications, or as a current source device. With start power 
contactor 46 closed, single or three phase utility power is 
?5 brought through the start power contactor 46 to be able to 
operate into a bridge rectifier 47 and provide precharged 
power and then start voltage to the bus capacitors 48 
associated with the PWM inverter 49. This allows the PWM 
inverter 49 to function as a conventional adjustable speed 
drive motor starter to ramp the permanent magnet 
' turbogenerator/motor 10 up to a speed sufficient to start the 
gas turbine 31. 

An additional rectifier 54, which operates from the output 
of the permanent magnet turbogenerator/motor 10, accepts 
3S the three phase, up to 380 volt AC from the permanent 
magnet generator /motor 12 which at full speed is 1600 hertz 
and is classified as a fast recovery diode rectifier bridge. Six 
diode elements arranged in a classic bridge configuration 
comprise this high frequency rectifier 54 which provides 
^ output power at DC. The rectified voltage is as high as 550 
volts under no load. 

The permanent magnet turbogenerator/motor 10 is basi- 
cally started at zero frequency and rapidly ramps up to 
approximately 12,000 rpm. This is a two pole permanent 
45 magnet generator/motor 12 and as a result 96,000 rpm 
equals 1,600 hertz. Therefore 12,000 rpm is Vath of that or 
200 hertz. It is operated on a constant volt per hertz ramp, 
in other words, (he voltage that appears at the output 
terminals is Vstb of the voltage that appears at the -output 
50 terminals under full speed. 

Approximate full speed voltage is 380 volts line to line so 
it would be approximately '/sth of that. When the PWM 
inverter 49 has brought the permanent magnet 
turbogenerator/ motor 10 up to speed, the fuel solenoid 62, 
55 fuel control valve 44 and ignitor 60 cooperate to allow the 
combustion process to begin. Using again the adjustable 
speed drive portion capability of the PWM inverter 49, the 
permanent magnet turbogenerator/motor 10 is then acceler- 
ated to approximately 35,000 or 40,000 rpm at which speed 
60 the gas turbine 31 is capable of self sustaining operation. 
The AC filter 51 is a conventional single pass LC filter 
which, simply removes the high frequency, in this case 
approximately twenty kilohertz, switching component. 
Because the voltage in start mode is relatively low, its 
65 rectified 208 volt line which is approximately 270 volts, a 
single bus capacitor 43 is capable of standing that voltage. 
However, when in generate mode, the DC output of the 
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generator rectifier 54 can supply voltages as high as 550 
volts DC, requiring two capacitors to be series connected to 
sustain that voltage. 

The two IGBTs 74 and 78 in IGBT channel 70 function 
in the generate mode to form a constant duly fifty percent 5 
duty cycle divider to maintain exactly half bus voltage at the 
center tap at all times. That center lap point forms the neutral 
for the AC output. The neutraJ is not required for generator 
starting but is required for utility interface. The IGBT 



channels 71, 72, and 73 form a classic six transistor PWM 
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inverter. 

The reconfiguration or conversion of the PWM inverter 
49 to be able to operate as a current source synchronous with 
the utility grid is accomplished by first stopping the PWM 
inverter 49. The AC output or the grid connect point is 
monitored with a separate set of logic monitoring to bring 15 
the PWM inverter 49 up in a synchronized fashion. The 
generator contactor 53 functions to close and connect only 
when the PWM inverter 49 needs to power the permanent 
magnet turbogenerator/motor 10 which is during the start 
operation and during the cool down operation. The output :o 
contactor 52 is only enabled to connect the PWM inverter 49 
to the grid once the PWM inverter 49 has synchronized with 
grid voltage. 

The implementation of the control power supply 56 first 
drops the control power supply 56 dowa to a 24 volt 25 
regulated section to allow an interface with a battery or other 
control power device. The control power supply 56 provides 
the conventional logic voltages to both the IGBT gate drives 
S&and control logic 57. The IGBT gate drives 58 have two 
isolated low voltage sources to provide power to each of the 30 
two individual IGBT drives and the interface to the IGBT 
transistors is via a commercially packaged chip. 

This system is also capable of generating 480 volt output 
directly. By changing the winding in the permanent magnet 
generator/motor 12, the voltage ratings of the IGBTs, and the 35 
bus capacitors 48, the system is then capable of operating 
directly at 480 volts, starting from grid voltage with 480 
volts, and powering directly to 480 volts without requiring 
a transformer. 

While specific embodiments of the invention have been 40 
illustrated and described, it is to be understood that these are 
provided by way of example only and that the invention is 
not to be construed as being limited thereto but only by the 
proper scope of the following claims. 
— What we claim is: 45 

1. A method of controlling a permanent magnet 
turbogeneralor/raotor comprising the steps of: 

providing electrical power to the permanent magnet 
lurbogenera tor/motor through a pulse width modulated 50 
inverter to start the permanent magnet turbogenerator/ 
motor to achieve self sustaining operation of the per- 
manent magnet turbogenerator/motor; 

disconnecting the electrical power from the pulse width 
modulated inverter once self sustaining operation of the 55 
permanent magnet turbogenerator/motor is achieved; 
and 

reconfiguring the pulse width modulated inverter to sup- 
ply voltage from the permanentmagnet turbogenerator/ 
motor. ^ 

2. The method of controlling a permanent magnet 
turbogenerator/motor of claim 1 wherein the voltage sup- 
plied from the pulse width modulated inverter of the per- 
manent magnet turbogenerator/motor is utility frequency 
voltage. 65 

3. The method of controlling a permanent magnet 
turbogenerator/motor of claim I wherein the pulse width 



modulated inverter includes four solid state switching device 
channels, and three of the four solid state switching device 
channels are reconfigured 10 supply utility frequency voltage 
and the fourth solid state switching device channel is 
switched at a fifty percent duty cycle to create an artificial 
neutral. 

4. A method of controlling a permanent magnet 
turbogenerator/motor comprising the steps of: 

providing electrical power to the permanent magnet 
turbogenerator/motor through a pulse width modulated 
inverter to drive the permanent magnet turbogenerator/ 
motor as a motor to accelerate the gas turbine engine of 
the permanent magnet turbogenerator/motor; 
providing spark and fuel to the gas turbine engine of the 
permanent magnet turbogenerator/motor during this 
acceleration to achieve self sustaining operation of the 
gas turbine engine; 
disconnecting the electrical power from the pulse width 
modulated inverter once self sustaining operation is 
achieved; and 

reconnecting the pulse width modulated inverter to the 
permanent magnet turbogenerator/motor through a rec- 
tifier bridge to reconfigure the pulse width modulated 
inverter to supply utility frequency voltage. 

5. The method of controlling a permanent magnet 
turbogenerator/motor of claim 4 wherein the pulse width 
modulated inverter includes four solid state switching device 
channels, and three of the four solid state switching device 
channels are reconfigured to supply utility frequency voltage 
and the fourth solid state switching device channel is 
switched at a fifty percent duty cycle to create an artificial 
neutral. 

6. A method of controlling a permanent magnet 
turbogenerator/motor comprising the steps of: 

providing electrical power to the permanent magnet 
turbogenerator/motor through a first contactor and a 
pulse width modulated inverter to drive the permanent 
magnet turbogenerator/motor as a motor through a 
second contactor to accelerate the gas turbine engine of 
the permanent magnet turbogenerator/motor; 
providing spark and fuel to the gas turbine engine of the 
permanent magnet turbogenerator/motor during this 
acceleration to achieve self sustaining operation of the 
gas turbine engine; 
opening the first and second contactors to disconnect the 
electrical power from the pulse width modulated 
inverter once self sustaining operation is achieved; and 
reconnecting the pulse width modulated inverter to the 
permanent magnet turbogenerator/motor through a rec- 
tifier bridge to reconfigure the pulse width modulated 
inverter to supply utility frequency voltage. 

7. The method of controlling a permanent magnet 
turbogenerator/motor of claim 6 wherein the pulse width 
modulated inverter includes four solid state switching device 
channels, and three of the four solid state switching device 
channels are reconfigured to supply utility frequency voltage 
and the fourth solid state switching device channel is 
switched at a fifty percent duty cycle to create an artificial 
neutral. 

8. rhe method of controlling a permanent magnet 
turbogenerator/motor of claim 6 and in addition the step of 
connecting the reconfigured pulse width modulated inverter 
to a load by closing a third contactor. 

9. A method of controlling a permanent magnet 
turbogenerator/motor comprising the steps of: 

providing electrical power to the permanent magnet 
turbogenerator/motor through a first contactor and a 
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multiple solid stale switching device channel pulse 
width modulated inverter to drive the permanent mag- 
net turbogenerator/motor as a motor through a second 
contactor to accelerate the gas turbine engine of the 
permanent magnet turbogenerator/motor; 5 

providing spark and fuel to the gas turbine engine of the 
permanent magnet turbogenerator/motor during this 
acceleration to achieve self sustaining operation of the 
gas turbine engine; 

opening the first and second contactors to disconnect the 10 
electrical power from the multiple solid state switching 
device channel pulse width modulated inverter once 
self sustaining operation is achieved; 

reconnecting the multiple solid state switching device 
channel pulse width modulated inverter to the perma- 15 
nent magnet turbogenerator/motor through a high fre- 
quency rectifier bridge to reconfigure the multiple solid 
state switching device channel pulse width modulated 
inverter; and 

connecting the reconfigured multiple solid state switching 20 
device channel pulse width modulated inverter to utility 
power by closing a third contactor. 

10. The method of controlling a permanent magnet 
turbogenerator/motor of claim 9 wherein the number of 
multiple solid state switching device channels in said pulse 25 
width modulated inverter is four, and three of the four solid 
state switching device channels are reconfigured to supply 
utility frequency voltage and the fourth solid state switching 
device channels is switched at a fifty percent duty cycle to 
create an artificial neutral. 30 

11. The method of controlling a permanent magnet 
turbogenerator/motor of claim 10 wherein the four solid 
state switching device channels are IGBT channels. 

12. The method of controlling a permanent magnet 
turbogenerator/motor of claim 9 wherein the high frequency 35 
rectifier bridge is a three phase rectifier having three diode 
channels. 

13. The method of controlling a permanent magnet 
turbogenerator/motor of claim 12 wherein each of said three 
diode channels include a pair of diodes. 40 

14. A controller for a permanent magnet turbogenerator/ 
motor, comprising: 

a pulse width modulated inverter operably associated with 
said permanent magnet turbogenerator/motor; 4$ 

means to provide electrical power to said permanent 
magnet turbogenerator/motor through said pulse width 
modulated inverter to start said permanent magnet 
turbogenerator/motor to achieve self sustaining opera- 
tion of said permanent magnet turbogenerator/motor; 50 

means to disconnect the electrical power from said pulse 
width modulated inverter once self sustaining operation 
of said permanent magnet turbogenerator/motor is 
achieved; and 

means to reconfigure said pulse width modulated inverter 55 
to supply voltage from said permanent magnet 
turbogenerator/motor. 

15. The controller for a permanent magnet 
turbogenerator/motor of claim 14 wherein said pulse width 
modulated inverter includes a plurality of solid state switch- 60 
ing device channels. 

16. A controller for a permanent magnet turbogenerator/ 
motor, comprising: 

a pulse width modulated inverter operably associated with 
said permanent magnet turbogenerator/motor, said 65 
pulse width modulated inverter having four solid stale 
switching device channels; 
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means to provide electrical power to said permanent 
magnet turbogenerator 'motor through said pulse width 
modulated inverter to start said permanent magnet 
turbogenerator/motor to achieve self sustaining opera- 
tion; 

means to disconnect the electrical power from said pulse 
width modulated inverter once self sustaining operation 
of said permanent magnet turbogenerator/motor is 
achieved; and 

means to reconfigure said pulse width modulated inverter 
to supply voltage from said permanent magnet 
turbogenerator/motor, and three of the four solid state 
switching device channels are reconfigured to supply 
utility frequency voltage and the fourth solid state 
switching device channel is switched at a fifty percent 
duty cycle to create an artificial neutral. 
l.T, The controller for a permanent raagncl 
turbogenerator/motor of claim 16 wherein said four solid 
state switching device channels are IGBT channels. 

18. The controller for a permanent magnet 
turbogenerator/motor of claim 14 wherein the voltage sup- 
plied from said pulse width modulated inverter associated 
with said permanent magnet rurbogenerator/motor is utility 
frequency voltage. 

19. A controller for a permanent magnet turbogenerator/ 
motor having a gas turbine engine, comprising: 

a pulse width modulated inverter operably associated with 
said permanent magnet turbogenerator/motor; 

means to provide electrical power to said permanent 
magnet turbogenerator/motor through said pulse width 
modulated inverter to drive said permanent magnet 
turbogenerator/motor as a motor to accelerate said gas 
turbine engine of said permanent magnet 
turbogenerator/motor; 

means to provide spark and fuel to said gas turbine engine 
of said permanent magnet turbogenerator/motor during 
this acceleration to achieve self sustaining operation of 
said gas turbine engine; 

means to disconnect the electrical power from said pulse 
width modulated inverter and said permanent magnet 
turbogenerator/motor once self sustaining operation of 
said gas turbine engine is achieved; 

a rectifier bridge operably associated with said pulse 
width modulated inverter and said permanent magnet 
turbogenerator/motor; and 

means to reconnect said pulse width modulated inverter to 
said permanent magnet turbogenerator/motor through 
said rectifier bridge to reconfigure said pulse width 
modulated inverter to supply utility frequency voltage. 

20. The controller for a permanent magnet 
turbogenerator/motor having a gas turbine engine of claim 
19 wherein said pulse width modulated inverter includes 
four solid state switching device channels, and three of the 
four solid state switching device channels are reconfigured 
to supply utility frequency voltage and the fourth solid state 
switching device channel is switched at a fifty percent duty 
cycle to create an artificial neutral. 

21. A controller for a permanent magnet turbogenerator/ 
motor having a gas turbine engine and a permanent magnet 
generator/motor, comprising: 

a pulse width modulated inverter operably associated with 
said permanent magnet turbogenerator/motor, said 
pulse width modulated inverter having a plurality of 
solid state switching device channels; 

a first contactor operably associated with said pulse width 
modulated inverter; 
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a second contactor operable associated with said the 
permanent magnet turbogenerator/motor; 

means to provide electrical power to said pulse width 
modulated inverter through said first contactor when 
closed to drive said permanent magnet turbogenerator/ 
motor as a motor through said second contactor when 
closed to accelerate said gas turbine engine of said 
permanent magnet turbogenerator/motor; 

means to provide spark and fuel to said gas turbine engine 
of said permanent magnet turbogenerator/motor during 
this acceleration to achieve self sustaining operation of 
said gas turbine engine; 

means to open said first and second contactors to discon- 
nect the electrical power from said pulse width modu- 
lated inverter once self sustaining operation is 
achieved; 

a rectifier bridge operable associated with said pulse 

width modulated inverter and said permanent magnet 

turbogenerator/motor; 
a third contactor operably associated with said pulse 

width modulated inverter; 
means to reconnect said pulse width modulated inverter to 

said permanent magnet turbogenerator/motor through 
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said rectifier bridge to reconfigure said pulse width 
modulated inverter; and 
means to connect said reconfigured pulse width modu- 
lated inverter to supply utility frequency voltage to a 
load through said third contactor when closed. 

22. The controller for a permanent magnet 
turbogenerator/motor of claim 21 wherein the number of 
solid state switching device channels in said pulse width 
modulate inverter is four, and three of the four solid state 
switching device channels are reconfigured to supply utility 
frequency voltage and the fourth solid state switching device 
channel is switched at a fifty percent duty cycle to create an 
artificial neutral. 

23. The controller for a permanent magnet 
15 turbogenerator/ motor of claim 22 wherein the four solid 

state switching device channels are 1GBT channels. 

24. The controller for a permanent magnet 
turbo genera tor/motor of claim 21 wherein said rectifier 
bridge is a three phase rectifier having three diode channels. 

20 25. The controller for a permanent magnet 
turbogenerator/motor of claim 24 wherein each of said three 
diode channels includes a pair of diodes. 

***** 
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